Purpose: The aim of this review was to compare the reliability of existing triage scales. The research question was that, using kappa value as reliability measure, in adult ED patients to what extent did clinicians' triage ratings agree with eachother or with a gold standard?
Introduction
Triage as the first step in an Emergency Department (ED) visit, sorts and prioritizes the patients. This sorting and prioritizing process aims at optimizing the patients' waiting time according to severity of their medical condition and reducing the negative impact of delayed care by giving priority to those who cannot wait safely. Several triage scales have been introduced since the early 1990s. Of those, are the Australian Triage Scale (ATS), the Canadian Triage and Acuity Scale (CTAS), the Manchester Triage System (MTS) and the Emergency Severity Index (ESI). Numerous studies have been conducted reviewing ED triage including the reliability of triage scales. It is ideal that triage ratings be reproducible and repeatable regardless of rater and the setting. In other words, different triage personnel must be able to reach the same or similar triage scores when assessing similar patients by the same tools. At national level, some governmental or non-governmental agencies may need to compare EDs with each other or some hospitals may ask for a benchmark from other hospitals. Reliability of the triage scale used in these instances is an important pre-assumption. Many EDs have adopted a triage system and others are going to do so. To choose a triage scale, reliability of the triage scale should be considered as an essential factor. Some studies reported low inter-observer agreement [1] while others reported very high kappa values [2] . It seems necessary to reach a census on reliability of triage scales to help clinicians when adopting a system for their EDs. The aim of this review was to compare reliability of different triage systems around the world by using kappa values. The research question was "In adult ED patients, using Kappa statistics, to what extent did clinicians' triage ratings agree with each other or with a gold standard?"
Methods
Systematically search of national and international literature including PubMed, Scopus, ISI Web of knowledge, Mosby's Nursing Index, Magiran and SID with no time-limit through August 2013 yielded 1342 articles. To assess and report the quality and risk of bias of included studies, once all possible relevant studies were identified, each study was assessed for risks of bias such as database bias, outcome reporting bias, selection bias, attrition, performance, and other biases. This information was used in article selection and data synthesis so that the studies with high or unclear risk of bias were not used in the synthesis of the evidence. Heterogeneity in meta-analysis refers to the variation in study outcomes between studies. When the studies' results only differ by the sampling error (homogeneous case) a fixed-effects model can be applied to obtain an average effect size. By contrast, if the study results differ by more than the sampling error (heterogeneous case), then the meta-analyst can assume a random-effects model, in order to take into account both within-and between-studies variability. Statistical heterogeneity was tested by Cochrane's Q test and the random-effects model was used to adjust for the combined effect size in metaanalysis. Publication bias occurs when primary researchers search among elasticity estimates and select those with statistically significant coefficients, "correct" signs, and more elastic values. Publication bias was addressed using funnel plot, and in case of existing this bias, trim-and-fill method was used to adjust for this bias in meta-analysis. Inclusion was limited to studies reporting Kappa values on adult patients (≥15 years) who visited EDs for somatic reasons and studies based on real patients triaged at EDs or fictitious patient scenarios. Studies solely on geriatric patients, computerized triage, telephone triage, specialty triages such as ophthalmic or obstetric triage, studies on a special symptom or syndrome, and studies published in languages other than English and Persian were excluded. Reliability of triage scales as ordinal data is measured by Kappa value (K) [3] which is the degree of agreement among clinicians or clinicians and a gold standard. Some studies report un-weighted kappa value while others assess reliability by weighted kappa (linear weighted or quadratic weighted). Weighted kappa gives importance to seriousness of disagreement in ratings and un-weighted kappa does not treat so; therefore, weighted kappa is better for ordinal scales such as triage [4] . The K ranges from 0 to 1 where 0 means there is no agreement except what is by chance and 1 means complete agreement. As described by Altman, Kappa agreement is defined as very good (0.81-1.00), good (0.61-0.80), moderate (0.41-0.60), fair (0.21-0.40), or poor (< 0.20) [5] . Articles reviewed independently and duplicated articles were discarded. For data extraction from included studies the extraction table was used. The extracted data include author, year, country, the name of triage scale that its reliability is assessed, type of the triage scale (e.g. 5 level, 4 level, …), type of reliability that is assessed (inter-rater or intra-rater), subjects (patients or case scenarios) and their amount, triageurs' profession (nurse or physician) and their amount, and the kappa values. Figure 1 summarizes the search and selection process.
Results from studies that met inclusion criteria were extracted and synthesized. After synthesizing, the overall kappa score of scales was calculated. Another comparison was performed on scales based on type of triage scales.
Results
Detailed results of included studies are presented in appendix 1. They assess reliability of CTAS [6] [7] [8] [9] [10] [11] , ESI [12] [13] [14] [15] [16] [17] [18] [19] , Adaptive process triage (ADAPT) [20] , South African Triage Scale (SATS) [21, 22] , MTS [19, 23, 24] , ATS [25, 26] , Italian fourlevel triage system (I-4L) [27, 28] , Triage Emergency Method (TEM) [28] , French Emergency Nurses Classification in Hospital scale (FRENCH) [29] , Hong Kong Accident and Emergency Triage Guidelines (HKAETG) [30] , Rapid Emergency Triage and Treatment System -Hospital Unit West (RETTS-HEV) [31] , and some local scales with no name. All included studies had observational designs. Table1 shows inter-rater reliability of included triage scales. Some of these studies (8 studies) were excluded from metaanalysis due to lack of standard error for kappa measures. Results of Cochran's Q tests showed a low p-value (p-value <.001) which means a significant heterogeneous results among different studies. So, a random-effects model was used in the meta-analysis in order to take into account heterogeneity of the studies. In the absence of publication bias, a funnel plot should be symmetric about the mean effect size. The graph indicates positive bias because there is greater dispersion of estimates to the right of the mean, and a clear indication of "missing" studies to the lower left of the mean. A method for correcting the publication bias is the trim-and-fill which uses an iterative algorithm to add missing values until observations are symmetric about a recomputed mean effect size. Using trim-and-fill, the random-effects mean for kappa is .426 (.018). Figure 3 displays funnel graph for linear weighted kappa, which seems to be symmetric about the mean effect size so there is no publication bias for linear weighted kappa. There was similar result for quadratic weighted kappa (Figure 4) . Table 2 and 3 summarize the results of meta-analysis for each triage scale and for each type of scale respectively (five-level, four-level and so on) based on a random effect model. As it is shown in Table 2 , the ESI and the CTAS have been studied more than other scales. According to our findings, fivelevel triage acuity scales are used much more than the others in EDs around the world (Table 3) . Table 3 also indicates the fact that five-level scales are more reliable in triaging patients in emergency department than others. Using un-weighted kappa only the FRENCH, the MTS and a local scale from Canada [32] had good inter-rater reliability (K>0.6). On linear weighted kappa the ESI, TEM, FRENCH, I-4L, CTAS, and SATS all were good in inter-rater reliability (K>0.6). Only the local scale from USA was moderate. And the other scales' inter-rater reliability was not assessed by linear weighted kappa. Using quadratic weighted kappa as inter-rater reliability measure introduced ESI as the only triage scale that has very good reliability (K>0.8). The SATS, HKAETG, CTAS, and the MTS were good in quadratic weighted kappa (K>0.6). Other scales have not been assessed by this type of kappa. Table 4 shows the results of studies on intra-rater reliability of the scales. There are a few studies on this subject and intrarater reliability of most of the triage scales have not been measured to date with kappa. With the few studies in hand, five-level scales are slightly better in intra-rater agreement than the four-level ones (Table 5) . 
Discussion
Findings from this review showed widespread use of five-level triage scales rather than others (11 out of 15 scales). This indicates a global tendency among emergency care givers to use five-level scales. Comparing five-level triages with the others proves them as being more reliable. Reliability of emergency department triage is of high importance since it prioritizes patients and determines treatment area in the ED. Lack of reliable ratings in triage may result in mis-triage, time loss, inappropriate care [6] , wasted resources and unnecessary costs. Although scientific evidence from this review suggests the FRENCH, MTS, TEM, I-4L, CTAS, SATS, HKAETG as having good inter-rater reliability and the ESI triage system as having very good, other factors should also be considered when adopting a triage system. We should keep this fact in mind that most of these scales are developed in high-income countries and may have problems when implementing in developing countries or other countries with cultural differences. Yet some studies assessed reliability of these scales in settings other than the origin country [6, 17, 18, 23] and additional studies in this field are needed to be conducted to clarify the subject. Lack of a single, consensus criterion to measure reliability of triage scales and use of different types of kappa (un-weighted kappa, linear weighted kappa, and the quadratic weighted kappa) makes it difficult to simply compare triage scales. As a result, some of these scales have greater reliability using unweighted kappa, others show better when assessed by weighted kappa. This may be due to sensitivity of triage scales in dividing patients into distinct levels. Also there may be differences in circumstances and/or methodology used in different studies which had found different agreement values for the same scale. As an example, using case scenarios or real patients to assess reliability may influence the acuity ratings [33] and in some cases triage nurses may get further information when triaging real patients rather than scenarios [6] . On the intra-rater reliability, there are a few studies; therefore, it shows a need for further studies to be conducted in this field. In fact, intra-rater agreement of most of triage scales has not been measured to date. Reliability is, with no doubt, one of the essential elements in assessing triage scales, but it is not the only criterion. Other factors such as the validity of the scale in predicting patient's outcomes should also be considered. With regard to the fact that the use of information technology is growing in healthcare system and with respect to spread of computerized triage in EDs [9, [34] [35] [36] [37] [38] [39] [40] [41] , it is suggested that another review could be performed on validity and reliability of electronic/ computerized triage. Another point is that some of triage systems [20, 21, [28] [29] [30] are newly invented and are not used and studied enough. This could be assumed that if more studies were performed on them, they might show greater reliability.
Conclusion
With the best of our knowledge and according to the findings from this systematic review, five-level triage scales have widespread use around the world with the greatest inter-rater reliability. Thus, priority can be given to them when adopting a triage system. It is suggested to take a similar, scientifically wise methodology in assessing reliability of triage scales. Also there is a need for assessing intra-rater reliability of most of triage scales.
Limitations of the study:
In this review only the kappa statistics are assumed as measure of reliability of triage scales, while some studies used Intra-class Correlation Coefficient (ICC) for this purpose. We suggest additional reviews in this area to include these studies. Another Limitation was that only studies that are published in English and Persian languages are included in this review and this may result in language bias. Also, the total number of studies in this area was limited and our meta-analysis and conclusion are based on these few studies especially for intra rater kappa.
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